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1 Abstract 


In this experiment the objective was to visually observe the process of film wise and 
dropwise condensation and to compare the heat transfers in film wise and dropwise 
condensation. Steam may condense onto a surface in two distinct modes, known as Film 
wise & dropwise. For the same temperature difference between the steam and the surface, 
dropwise condensation is several times more effective than film wise, and for this reason 
the former is desirable although in practical plants, it seldom occurs for prolonged 
periods. The procedure to find out film and dropwise condensation is also expressed, and 
the observation and calculation of the data is also done. During condensation very high 
heat fluxes are possible and provided the heat can be quickly transferred from the 
condensing surface into the cooling medium, steam using heat exchangers can be 
compact and effective. The heat flux for the dropwise condensation is higher than the 
film wise condensation and the heat transfer coefficient for the dropwise condensation is 


also higher than the film wise condensation. 


2 Learning Objectives 


e The students will visually observe the process of film wise and dropwise 
condensation 


e The heat transfer in film wise and dropwise condensation will be compared 


3 Introduction 


The use of steam both for power production and to convey heat has a long history and its 


use in these fields is likely to continue into the foreseeable future. 


In all applications, the steam must be condensed as it transfers heat to a cooling medium 
which could be the cold water in the condensers of generating station, hot water in 
heating calorifier, a sugar solution in a sugar refinery etc. During condensation very high 


heat fluxes are possible and provided the heat can be quickly transferred from the 
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condensing surface into the cooling medium, steam using heat exchangers can be 


compact and effective. 


Steam may condense onto a surface in two distinct modes, known as Film wise & 
dropwise. For the same temperature difference between the steam and the surface, 
dropwise condensation is several times more effective than film wise, and for this reason 
the former is desirable although in practical plants, it seldom occurs for prolonged 


periods. 


4 Experimental Setup 


Model: EES-TH-3126 


Figure 4-1 Apparatus setup 
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5 Theory 


Let us discuss some details of drop wise and film wise condensation. 


5.1 Condensation 


Condensation of a vapor to a liquid and vaporization of a liquid to a vapor both involve a 
change of phase of a fluid with large heat-transfer coefficients. Condensation occurs 
when a saturated vapor such as steam comes in contact with a solid whose surface 


temperature is below the saturation temperature, to form a liquid such as water. 


Normally, when a vapor condenses on a surface such as a vertical or horizontal tube or 
other surface, a film of condensate is formed on the surface and flows over the surface by 
the action of gravity. It is this film of liquid between the surface and the vapor that forms 


the main resistance to heat-transfer. This is called film wise condensation. 


Another type of condensation, dropwise condensation, can occur, where small drops are 
formed on the surface. These drops grow and coalesce, and the liquid flows from the 
surface. During this condensation, large areas of tube are devoid of any liquid and are 
exposed directly to the vapor. Very high rates of heat-transfer occur on these bare areas. 
The average coefficient can be as high as 110 000 W/m? -K (20 000 btu/h.ft?-°F), which is 
five to 10 times larger than film-type coefficients. Film-condensation coefficients are 
normally much greater than those in forced convection and are on the order of magnitude 


of several thousand W/m? .K or more. 


5.2 Film Wise Condensation 


Unless specially treated, most materials are wetting and as condensation occurs a film of 
condensate spreads over the surface. The thickness of the film depends upon a number of 
factors such as (1) the rate of condensation, (2) the viscosity if the condensate and (3) 
orientation of condensing surface, whether vertical, horizontal or inclined. As fresh vapor 
condenses on top of film, the heat of condensation has to pass by conduction through the 
film to the metal surface beneath .As the film thickness; it flows downward and drips 


from the low points leaving the film intact and at an equilibrium thickness. 
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Film-Condensation coefficients for vertical surfaces 


Film-type condensation on a vertical wall or tube can be analyzed analytically by 
assuming laminar flow of the condensate film down the wall. The film thickness is zero 
at the top of the wall or tube and increases in thickness as it flows downward because of 
condensation. Nusselt (Hl, WI) assumed that the heat transfer from the condensing vapor 
at T sat K, through this liquid film, and to the wall at Tw K was by conduction. Equating 
this heat-transfer by conduction to that from condensation of the vapor, a final expression 


can be obtained for the average heat-transfer coefficient over the whole surface. 


The recommended expression for vertical surfaces in laminar flow is: 


E ET 
N, -PL 443 2 (a p, gh,L 
LK, AT 


dur" 
where p, is the density of liquid in kg/m3 and p, that of the vapor, g is 9.8066 m/s2, L is 
the vertical height of the surface or tube in m, u, is the viscosity of liquid in Pa :s, k1 is 
the liquid thermal conductivity in W/m -K, AT = Tsa- Ty in K, and hg is the latent heat of 
condensation in J/kg at Tsa. All physical properties of the liquid except hę are evaluated at 
the film temperature T: = (Tsa + Tw)/2. 


5.3 Dropwise Condensation 


When the condensate does not wet the surface, it forms the droplets on the surface, it is 
known as “dropwise condensation”. When the surface tension is large, the condensate 
coalesces into a multitude of droplets of different sizes. With time, each droplet grows as 
more vapor condenses on its exposed surface. The formation of each droplet is initiated at 
a point of surface imperfection (pit, scratch, etc.) and such sites are called “nucleation 
sites”. At some time, the tangential pull of gravity, or sheer force exerted by the vapor 
stream, dislodges the droplet and carries it downstream. The moving droplet devours the 
smaller droplets in its path, thereby creating a clean trail ready for the generation of new 
droplets of smaller sizes. This surface renewal process occurs periodically as the droplets 
accumulate and grow in size. Since the condensation rate is the highest in the absence of 


condensate on the surface, the periodic cleaning performed by the large drops renews 
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finite size regions of the surface for the restart of the condensation. This surface renewal 
process is the main reason why dropwise condensation is a highly effective heat transfer 
mechanism. The heat transfer coefficient is roughly ten times greater than the 
corresponding condensation in the form of thin film. In the design of condensers, whose 
function is to cool a vapor stream and to convert it into liquid, there is a great advantage 


to promote the breakup of the condensate into droplets. This can be achieved by: 


e Coating the solid surface with an organic substance like wax, oil, oleic acid, etc. 
e Injecting non-wetting chemicals into the vapor, which get deposited on the surface 
of the condenser. 
e Coating the surface with a polymer of low surface energy like Teflon, silicone, 
etc. or with a noble metal like gold, silver, etc. 
The mechanism of dropwise condensation is complex because of its intermittent time 
dependent character, effect of surface tension (due to drop size and shape) and the 
uncertainty associated with the location of nucleation sites and the time when the largest 


droplet will start its downstream movement. 


6 Procedure 


6.1 General Operating Procedure 


Temperature Selection 

To read a particular temperature. 
For film-wise 

Tl = Surface temperature 

T3 = Water in, Tin 

T5 = Water out, Tout 

For dropwise 


T2 = Surface temperature 
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T4 = Water in, Tin 


T6 = Water out, Tout 


Cooling Water Flow Selection 


Flow meters for film wise and drop wise condensers are connected separately on left and 


right side of heater. 


Heater Setting 


To tum on the heater, simply switch the heater switch to "ON" position. The power 


supply to the heater is controlled by regulator. 


Cooling Water Control 


The cooling water flowrate can be controlled by simply turning the valve clockwise to 


reduce flowrate and vice versa. 


6.2 General Start Up Procedure 


I 
2 


Ensure that the main switch is in the off position. 

Tum the power regulator knobs fully anti-clockwise to set the power to 
mmlmum. 

Fill the chamber with distilled water until the water level stays between the heater 
and baffle plates. Always make sure that the heater is fully immersed in the water 
during throughout the experiment. 

Adjust the water flowrate to the condenser by controlling the control valve 
according to the experimental procedure. 

Tum on the main switch, follows by the heater switch. Set the heater power by 
rotating the power regulator clockwise to increase the heating power. 

Observe the water temperature reading; it should increase when the water started 
to heat-up. 

Let the system to stabilize then take all relevant measurements for experimental 


purposes. Make adjustment if required. 
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6.3 Procedure of Experiment 


A. For film wise condensation 


1. Circulate the cooling water through the film wise condenser starting with the 
minimum value of 0.2 Liter/min. 

2. Adjust the heater to obtain the desired pressure at 1.01 bar. 

3. When the condition is stabilized, record the steam (Tsat) & surface temperature 
(Tsurf), Tin (T3) & Tout (T5), and flowrate. 


B. For dropwise condensation 


1. Circulate the cooling water through the film wise condenser starting with the 
minimum value of 1 Liter/min. 

2. Adjust the heater to obtain the desired pressure at 1.01 bar. 

3. When the condition is stabilized, record the steam (Tsat) & surface temperature 


(Tsurf), Tin (T3) & Tout (T5), and flowrate. 
7 Observation and Calculation 


A. Film wise condensation 
® = Heat Flux = [m C (T; — Ts) ] / Asa 


U = Average Heat transfer Coefficient = ® / (Tsa — Tw) 


Ga ost PM, = (hy E $2) 
TauTa) 
Tor Taa) 


In 


ATm = Log Mean Temperature Difference steam and water = 
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Table 3-7-1: Observation Table for film wise condensation 


Flo a 
Ww Powe . Tou | Tsa Tsat- | DetT heat 
m Tin Tsurf U from 
Rat r t t Tsurf m flux 
water 
e 
LP W/m2 
k kW W/m2 Ww 
M g/s /m r 
1.5 | 0.02 20.5 | 28. | 98. | 61.4 | 37.1 2335.4 | 781.9 
0 5 1.05 0 0 6 5 5 74.29 | 173.50 6 0 
1.3 | 0.02 20.7 | 30. | 98. | 69.3 | 29.6 2659.1 | 877.7 
3 2 1.05 0 2 9 0 0 73.25 | 194.78 0 9 
1.1 | 0.01 20.8 | 32. | 98. | 74.3 | 24.3 2876.7 | 932.0 
7 9 1.05 0 3 6 0 0 71.89 | 206.81 0 0 
1.0 | 0.01 20.8 | 33. | 98. | 79.9 | 19.0 2805.0 | 902.5 
0 7 1.05 0 3 9 0 0 71.40 | 200.28 0 7 
0.8 | 0.01 21.1 | 35. | 98. | 83.4 | 15.5 2620.6 | 832.5 
3 4 1.05 0 5 9 0 0 70.49 | 184.73 8 1 
0.6 | 0.01 21.3 | 38. | 98. | 84.3 | 14.6 2533.2 | 785.4 
7 1 1.05 0 2 9 0 0 68.80 | 174.29 5 5 
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Figure 7-2 Heat flux vs temperature difference for film wise condensation 
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Surface heat transfer coefficient vs Temperature Difference 
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Figure 7-3 Surface heat transfer coefficient vs temperature difference for film wise condensation 


B. Dropwise condensation 
® = Heat Flux = [m C (Tsat — Tsure) ] / Asurt 


U = Average Heat transfer Coefficient = ® / (Tsa — Tw) 


[m = : en (E T T.) 
me) 
ATm = Log Mean Temperature Difference steam and water = (7T) 
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Table 3-7-2: Observation table of Dropwise condensation 


Flo Tsat 
Sr | w Pow . Tsur - DetT heat » 
m Tin | Tout | Tsat from 
N | Rat er f Tsur m flux 
Water 
oO. e f 
LP kW/m | W/m2 W 
M 2 
2.8 98.6 | 63.5 | 35.1 | 74.8 | 436.2 | 5829. | 1965. 
1 0 0 0 0 4 4 97 
2.4 98.6 | 70.4 | 28.2 | 73.8 | 440.4 | 5960. | 1984. 
2 0 0 0 0 9 2 80 
2.0 98.6 | 76.4 | 22.2 | 72.3 | 456.2 | 6305. | 2056. 
3 0 0 0 0 5 2 00 
1.6 98.6 | 82.1 | 16.5 | 71.7 | 394.4 | 5501. | 1777. 
4 0 0 0 0 0 9 79 
1.2 98.6 | 90.8 7.80 69.0 | 384.3 | 5563. | 1731. 
5 0 0 0 8 0 87 
0.8 98.6 | 96.2 2.40 65.1 | 342.0 | 5252. | 1541. 
6 0 0 0 ' 1 0 25 


Heat Flux (kW/mz2 K) 


480.00 


460.00 


440.00 


420.00 


400.00 


380.00 


360.00 


340.00 


320.00 


300.00 
0.00 


Figure 7-4 Heat flux vs temperature difference for dropwise condensation 
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Surface heat transfer coefficient vs Temperature Difference 
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Figure 7-5 Surface heat transfer coefficient vs temperature difference for dropwise condensation 


8 Precaution 


1. Do not touch the glass surface during experimentation 

2. Never operate the heater whenever the water level falls below the heater element 
as this may cause a permanently damage to the heater 

3. Upon shutdown, keep the cooling water flowing for at least 5 minutes through the 


condensers to cold them down. 
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9 Result and Discussion 


From the above graphs it is clear that the heat flux increases with the increase in the 
temperature difference on the surface both for the dropwise and film wise condensation. 
The surface heat transfer coefficient vs temperature difference also follows almost the 
same trend in both the cases. But from the values it is clear that the dropwise 


condensation is better than the film wise condensation. 


The dropwise condensations the first priority of the design engineers. Both dropwise and 
film wise are the properties of material and therefore cost plays the major role here. But 
in practical plants due to higher cost of material and process to achieve the required 
surface for the dropwise condensation, the dropwise condensation is mostly avoided. 
Dropwise condensation has higher heat flux due to the direct contact of the steam with 
the surface while in film wise condensation the steam does not contact directly with the 
surface of the tube rather it has to contact with the resistive layer of water film around the 
tube. This layer in the film wise condensation a continuous effectively change the effect 


of heat transfer. 


Film wise and drop wise condensation were performed at different flow rates but the 
trend shows that as the flow rate of the fluid increase the inlet and outlet temperatures 
become smaller and the heat flux become large and same is the case for heat transfer 


coefficient. 
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